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*159159* 1 PROCESS OF MAKIL NG Pmm mm&m\\mmkenti on relates to processes for
maki ng papew14§3y whi ch we incl m rd), and in partirasssiozess
processes of making paper which I's s{gepgt hened by starch. 5 It is standard
practice to make paper by a process  conprising flocculating a cellulosic
suspension By the addition of a high mol ecul ar wei ght, pol yneri c,

retention aid, draining the floccul ated,suspension through a wire to form

a wet sheet, and drying the sheet. 10 One particul ar class of paper-nmaking

processes are m croparticul abeopEgscessFesakINshipalPHERNe fl occul at i on with
polyneric retenti
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to, for insta
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ate process s e trade nane
Hydrocol . It aiigl, kdmm@gad@ecaﬂpéﬁpéawéréﬁspénﬁﬁémcéhrfepaéh g Wpke to

suspensi on i paper Rk NG O C RS HE B S 1y drHengtdenj ng aid, and in sone
processes it also contributes.to re tentl# HI:’}Pro es%es have al so beepn,

descri b&8 whi ch c&RSr i BRX YT Rbn S16F S PPEaled §Barft to e
cellul osic Suﬁwmlcﬁrﬂ&em&%@mlm ghiclchthe fddeduiatipe with

cel lulosic 30 s uynpeernS' . genard 1 4 and ftoqlb%% solg}edq@%a@xa@,t age Ehats

particul ar care st be taken to ensure good retention of étarc g t hat
there are notbysiagiitatcn InddienireHlSor e ®Y BHdFREofFEa SPErth Fn the

whi t ewat er drgid¥idigh rd e oLgte thec ot 1 €1, Seechoas i bshaogec¥95/ 33096.

15 It is well known to include low molecular weight

cationic polymer in the suspension, either by addition at
the thick stock stage or subsequently, in various paper-
making processes for various purposes. It is also well
known to include inorganic coagulants such as poly
20 aluminium chloride or alum for various purposes. Reference
is made to, for instance, US 4,913,775 for a description of
various processes and, in particular, a microparticulate
process sold under the trade name Hydrocol.
| It is known to add cationic starch to the cellulosic
25 suspension in papermaking processes as a strengthening aid,
and in some processes it also contributes to retention.
Processes have also been described which comprise addition
of raw, untreated starch to the cellulosic suspension.
Processes in which starch is added to the cellulosic
30 suspension generally tend to have the disadvantage that
particular care must be taken to ensure good retention of
starch so that there are not significant levels of
dissolved or undissolved starch in the whitewater draining
through the wire. See for instance W095/33096.
35 Processes are described in GB 2,292,394 in which
anionic starch, carboxy methyl cellulose or other polymeric

binder capable of hydrogen bonding to cellulose are added
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35 Processes are described in (B 2,292,394 in which anionic starch

carboxy nethyl cellul ose or other pol i i
( ynmeric binder capable of hyd
bondi ng Wwo 96844zl ose are added | [1LITEL 1L ViDL VI Ipl VlctrPGMa}:)t()rsE??In

111 *000001* WO 99/ 14432 PCT/ GB98/02688 2 to the thin stock with a

cationic polyner which has a nol ecular wei

ationi ¢ _ _ _ | vei ght above 150, 000, pr

n;lllon or ‘nore and which insolubilises the anionic binder. Cgtsgﬁ{gbly .
starch can also be added 5 Processes are described in W93/01353 in which
an anionic retention aid based on starch, a cellulosic derivative or guar

gum free of _cationi ¢ groupso@ndwadh al ugkolom coppdynedr '

suspensi on. Anot her disclosurg of RrQCe3%es '{éggaigh ﬁ?ggiggsgaig;;gﬁnd
and a 10 | owatsicediTar Wak? ght 2 &t Conic 'pol ymer are added to the suspensi on
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proper i es. alut.gbtmhavspbesd ERUGRESChAE (Hese Ub Tt Ths BT be
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optimised to give useful strength in the dry sheet and can
be optimised to give satisfactory short drainage times
15 and/or good retention of the fibres and/or the binder, it
would be desirable to be able to provide a process which
gives optimum utilisation of the binder in the sheet (and
thus optimum strength) together with good retention of the
binder, the fibres and the fines in the cellulosic
20 suspension, and good drainage properties.
It might have been thought that these objectives could
be achieved by modifying the process described in GB
2,292,394 by adding a high molecular weight cationic
polymeric retention aid to the suspension, but we have
25 found that this does not give any significant or useful
improvement.
According to the invention, a process for making paper
(including paper board) comprises
providing a thin stock suspension of cellulosic
30 fibres,
mixing into this suspension (a) a water soluble
anionic or non-ionic polymeric binder and (b) a water
soluble cationic material selected from water soluble
organic polymeric coagulants having intrinsic viscosity not
35 more than 3dl/g and inorganic coagulants,
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m xing into this suspension (a) a water soluble anionic or non-ionic

pol yneric bi hder and (b) a water soluble cationic nmaterial selected from
wat er solwgdei44sr gani ¢ pol ymeric coagul ants having intri nsmcmmmwgy not
35 nore than 3d1/g and inorganic coagulants, ('ffT ~;fEE! HAS !> ., ~..

' ZcCPLACED WD 99/ 14432 PCT/ GB98/ 02688, 3 then flocculatlng t he suspensi on by
m xing into’the suspension an anionic retention aid (which nmay be a

m croparticulate anionic retention aid),sdraining the floccul ated
suspension to forma wet 5 sheet, and drying the wet sheet. W have
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bi nder and 19YTRERHAPR ﬁ%?f%‘coaéﬁ%gﬁf Slvgédgogd ??%céﬁ tﬁ%% %f t he
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good retention of fLBLe,3dnd fd NeSocchULLDEM ssdpel@aBOt ol @Akt OadRke
significant deterloraPlo e retention of binder and so gives good

retenti oh of shéstthenBi nder. The cel lul osic suspension may be any

conventi onal thindr?aagkth@rwed theaxany conventional cellul osic feed,
i ncl udi ng recycled

t | t t b
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capable of b

he cellul ose fibres.in the é %Mlté¥3% b
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drainage rate and good retention of fibre and fines.
Further, it does not lead to any significant deterioration
in the retention of binder and so gives good retention of
15 the binder.

The cellulosic suspension may be any conventional thin
stock formed from any conventional cellulosic feed,
including recycled feed material. The thin stock may be
substantially wunfilled (i.e., without the deliberate

20 addition of significant amounts of filler) or it may be
filled.

The binder is a water soluble material capable of
substantial hydrogen bonding with cellulose. That is, it

is capable of binding with the cellulose fibres in the

25 paper stock, for instance to levels of at least 1 or 2%
(dry binder based on dry stock), often with a binder
retention of at least about 60 or 70 or even 80%. In

practice the binder needs to be non-ionic or anionic, since
if it is cationic then the binding of the binder to the
30 cellulosic fibres will predominantly be due to the cationic
groups rather than due to hydrogen bonding. In order that

hydrogen bonding predominates, the non-ionic or anionic

binder will normally be a polyhydroxy material. In order
that it acts as a binder in the final sheet, thereby
35 increasing the strength of the sheet, it must be polymeric

and of high molecular weight. Thus the molecular weight



practice the binder needs to be non-ionic or anionic, since if it is
cationic then the binding of the binder to the 30 .cellulosic fibres wll
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of 5, 000, and pffen N £xcess 8kcesl, KOG arub gemer skkgnabavexdddl @I0. In
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preferably a~catronic polyneric coaggl ant S\,,\\ggpﬁih has IV§TQt re th 3

dl/g. IO 209rhi® spesidh cat Fon IPRSEE iyt ri AfiscosTHyP Wastred by

suspended | eygbsyhsgenet esudlc 225€ i st ddbisosli umcdhter | ael dirdd eFBAYED. pH 7.

Preferably IV is not nore tha | f ok cih0stangesiadcdl/ g or bel ow
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usual |y above A¥Bq/ed-ght binder based on dry weight suspension) and can

15 be up to, for instance, 10%. Generally it is 1 to 8%,
preferably around 3%, for instance 3 to 5% (i.e., 30 to
50kg/t) .

The cationic material is preferably a cationic

polymeric coagulant which has IV not more than 3 dl/g. 1In

20 this specification IV 1is intrinsic viscosity measured by
suspended level viscometer at 25°C in 1N sodium chloride
buffered to pH 7. Preferably IV is not more than 2 dl/g,
for instance 1.5 dl/g or below. Normally it is at least
0.1 or 0.5 dl/g. Preferred cationic polymeric coagulants

25 have high charge density, for instance above 3meqg/g and
usually above 4meq/g.

Inorganic coagulant such as aluminium compounds, for
instance poly aluminium chloride, can be used alone as the
water soluble cationic material, or in combination with the

30 polymeric coagulant.

The preferred cationic polymeric coagulants are
materials such as polyethylene imines or polyamines (both
preferably being fully quaternised), dicyandiamide
condensation polymers (usually being substantially fully

35 quaternised or in salt form) and polymers of water soluble
ethylenically unsaturated monomer or monomer blend which is

formed of 50 to 100 mole percent cationic monomer and 0 to
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I norgani ¢ coagul ant such as al um ni um conpounds, for instance poly

al um ni um chl ori de, can be .used alone as the water soluble cationic

mat eri al W@#91443konbi nati on with the 30 polyneric coagul amCT/Ges/opessf er r ed
cationic polyneric coagulants are materials such as polyethylene i mnes or
pol yam nes (both preferably being fully quaternised), dicyandiam de
condensat i ori polyners (usually being substantially fully 35 quaternised or
in salt form and polyners of water soluble ethylenically unsaturated
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Do U 19,200 01 580, PRI ThS coTBUI, o1, £aLL90LS 8! chigl o BorrBlda an

polymer. Alternatively it may be produced in the presence

15 of multifunctional additives which produce structure, for
instance polyethylenically unsaturated monomers such as
tetraallyl ammonium chloride, methylene bis acrylamide and
multifunctional monomer included in the polymer chain. The
amount of these additives, if used, is generally at least

20 10 ppm and usually at least 50 ppm. It may be up to 200 or
500 ppm.

The amount of cationic material is normally an excess
over that amount which is required to give observable
retention when the anionic retention aid is added. The

25 amount may be sufficient to cause the suspension to have a
zeta potential which is around zero or 1is positive, but
satisfactory retention is often obtainable even though the
zeta potential is slightly negative. In practice, the
amount of cationic material is best determined by forming

30 a thin stock containing the desired amount of the binder
(having regard to the strength properties that are
required) and then observing the retention effect upon
adding the retention aid after adding various amounts of
the cationic material.

35 It is usually undesirable for the cationic material to
include any significant amount, or indeed any amount, of

high molecular weight cationic polymeric material (for



retention when the anionic retention aid is added. The 25 anmount may be
sufficient to cause the suspension to have a zeta potential which is

around 7\\%99/?{]4355 positive, but satisfactory retention i $caid®goddagai nabl e
even though.the zeta potential is slightly negative. In practice, the
amount of cationic material is best determned by formng 30 a thin stock
containing the desired anount of the binder (having regard to the strength
properties that are required) and then observing the retention effect upon
adding the retention aid after adding various anounts of the cationic
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cationi ¢ poldAHRETITSEhagbiPhht B ol 1 10 f7omo. to 10 kg active

pol yner per idesierecetiud o psuspensi on, preferably 1 to 3 kg/t. In the

process the bi ndef e%oﬁ%ﬁag@egai)“)ﬁ{ct e r iGatkbaniug ageagsl| mstmarlaf t er
the cationic coagukl1 ant .

e binder an oagul ant be add ntially
15 si mua anebn@hy@-Zﬁet@oéguﬂ‘iﬁnf"cﬁ&)}’ebé’o; éJSerarEg%rhg 4 %eglglel?%(?&?s a
split dose, ég%éﬂﬁ@;ﬁlpep]p@féfaﬂaly befor® lamdc. partially after the binder.
The order of addition of the_ _hinder at ].Qniye cRAgH i anedecvari ed
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coagul ant, tje apioni ghgetepbhgiiahd i Smay be added  essentially

15 simultaneously. The coagulant may be added as a single
dose or as a split dose, for instance partially before and
partially after the pinder. The order of addition of the
binder and cationic coagulant can be varied as convenient
without significant deterioration in results.

20 After treatment of the suspension with the binder and
cationic polymeric coagulant, the anionic retention aid is
mixed into the treated suspension. This mixing may be done
under medium or high shear, but is normally done under
sufficient force simply to mix the anionic retention aid

25 into the suspension, for instance at the headbox or prior
to it.

The amount of anionic retention aid is normally 0.5 to
10 kg/t dry cellulosic suspension, preferably 1 to 4 kg/t.
The anionic retention aid is a material which acts to

30 flocculate the treated thinstock suspension and thus
improve the drainage in comparison with a non-flocculated
treated thinstock suspension.

It may be a substantially water soluble anionic
polymeric material and thus it may be, for instance, a

35 material as described in W098/29604.

Preferably, however, it is a microparticulate anionic

retention aid which may be inorganic or organic. For



m xed into the treated suspension. This m xing may be done under nedi um or
hi gh shear, but.is normally done under sufficient force sinply to mx the
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retention of abl |n t e sheet is preferably at |least 60 or 70% nore
preferably aaclqeast

After treatment with the anionic retention aid the
15 flocculated suspension is drained through a wire to form a
wet sheet. The wet sheet is then dried in standard manner
to form a dry paper (including paper board) sheet.
In the process the retention of binder in the sheet is
preferably at least 60 or 70%, more preferably at least
20 80%, and even 85 or 90% or above. '
In the invention we also provide the use of an anionic
retention aid as discussed above to improve the drainage of
a cellulosic suspension which has been treated with binder
and cationic polymeric coagulant, of the types discussed
25  above.
In the process we often find that drainage times for
a given volume of backwater can be reduced to 70 or 60% of
drainage times under equivalent conditions but without
addition of anionic retention aid, and may even be reduced
30 to below 50 or 40% of these times.
The invention will now be illustrated with reference
to the following examples.
Examples
For each test 1 litre of cellulosic stock was used, at
35 a concentration of 0.5% solids. For each process anionic
starch was added as the binder at a level of 3% followed by
Polymer A at the dosage given in the tables below. In some
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99/ 14432 P é%gﬁ98/02688 8 tests subsequent materials were added in the
dosages giv el ow in the tables. Polymer A was a pol yDADMAC honopol yrer
of 1V amout 1 dIX gdrBiAzdeaitesfe Yast CRES 1648r rewd 806 atrﬁftFlém?l e or

col I ection Oéoppé)cmorpfo@mleroﬂﬂ@%dm@&@xeduaﬂhﬂéamd 1 herrdraaiwsage
time. Results are shown in Table

3 belo Ta val yati-on of
si ngl e addi t§&m GFaFﬁﬁgﬁeFlﬂeSta%E ‘fB?%g%r%oF FaF %ﬁ %%&g %;gﬁgggg time
(0) (Kalt) Assise. (seconds) 3 020 3 087 153 1.6 73 3.2 11 Table 2

Table 1
10 Evaluation of single addition of Polymer A
Starch Dosage Polymer A Dosage Drainage time
(%) (kg/t) Active (seconds)
3 0 20
3 0.8
15 3 .6 7
3 2 11
Table 2
Effect of a hiagh molecular weight flocculant
20 Starch Polymer A Flocculant addition Drainage'
Dosage (%) dosage (kg/t) (g/t) active time
active (seconds)
3 1.6 0 7
3 1.6 low cationic-200 8
3 1.6 medium cationic-200 9
. 25 3 1.6 low anionic-200 6
Table 3
Effect of sodium bentonite
Starch Polymer A Bentonite dosage Drainage
30 Dosage (%) active (kg/t) active time
(kg/t) (seconds)




Effect of a hi gh nol ecul ar wei ght flocculant 20 FDota h Pol ynmer A

Fl occul ant addition Drainage (o) dosage (kg/t) (g/t) active tine active
(seconds -/ 1.6 lowca tionic-200 8 1.6 nedium catigni g@ﬁ. 25
1.6 | ow grﬁ%ﬁ'i“%ﬁ% 6 Table 3 Effect of sodiumbentonite étfalr/{ciﬁ 0 gsrrer A
Bentoni te dosage Drai nage 30 Dosage (o) active (kg/t) active time (kg/t)
(seconds) 3'1.6 07 31.612 31.6 2 3 W 99/14432 PCT/ (GB98/02688 9 It
can be seen that good drainage results are obtained wth the use of

Pol ymer A alone, and no significant inpPovenent is seen with the
subsequent addition of various i_gh _nol.ecul ar _wei ght C s ver,
when sodi um 5 bentorfide 5% S&&ﬂleap‘éﬁg't gPofihgr%?ﬁﬁ%rgifuikgr%P% 25%%1@&"9

si gni fi cant & pw owgrentusien bhe Fokemeraimagd oniene, angd val L@s,gmm‘_eh:am/_er
than expected. Example. 2 Thess, Lashs cshouibheqgend sbakelohebenidonowki ch
is 10 obtai h&&F USTNg fhe system of the invention. In this test the same
furnish as i nigxamplecelps wed@hoTof tPFeutantided HONRVETi/c "It cFOAt YR

| evel of;3%dryrshateh 08 ddyadd bresceSubsaguentilynex cat,i onhereoagal aat is
added. In sone systens (those of the inventio fard, gompanent . st he
15 ani oni c r 8LEALFOA3EFd, T TR ThehiTadded: %glgaggéegnﬁ elrs}t%%s are shown in
Tabl e 4 bel owallabl eudéhClagelranihaCozgwestedAni oni ¢ Retention Starch

Ret ention Ai gx%iﬁ‘ge2Ret ention

These tests show the good starch retention which is

Dosage

10 obtained using the system of the invention. In this test
To this is added
anionic starch at a level of 3% dry starch on dry fibre.
added.

systems (those of the invention) a further component, the

the same furnish as in Example 1 is used.

Subsequently a cationic coagulant 1is In some

15 anionic retention aid, is then added. Dosages and results

are shown in Table 4 below.

Table 4
Coagulant Coagulant Anionic Retention Starch

Dosage Retention Aid Dosage Retention

(kg/t) Aid (if (kg/t) (%)

used)

Polymer B 0.6 67

0.8 90

1.2 93

1.6 94

2.0 86

2.4 85

3.6 84

20 Polymer B 1.2 Scedium 2.4 91

bentonite
0. 2. 81
1. 1. 91

Polymer B is

dl/g.

a polyDADMAC homopolymer of IV about 2




(kg/t) Ad (if (kg/t) (%9 used) Polymer B 0.6 67 0.8 90 1.2 93 1.6 94
2.0 86 2.485 3.6 84 20 Polynmer B 1.2 Sodium 2.4 91 bentonite 0.6 2.4
81 1.2 1.2 91 Polyner B is a pol yDADVAC honopol yner of 1V about 2 dl/

VO 99/ 14¥9P0477GR08/ 02688 10 CLAIMS 1. A process for nmalPCA{EBAs(9as88

conprising providing a thin stock suspension of cellulosic fibres, 5

m xi ng into’'the suspension (a) a water soluble anionic or non-ionic

pol ymeric binder and (b) a water soluble cationic naterial selected from

wat er sol uble organic polymeric coagul ahfs having intrinsic viscosity

bel ow 3dl /g and i norgani c coagul ants,

by mxing in

suspension an anionic retention aid, draining the

fl occul at ed auspen&i@&dﬁhéﬁﬂﬂhﬁim&ﬁhxsmeerr'@mmnn%ﬁﬁﬁgthe wet sheet.

process accordi ng to
pol ymeri ¢ bi nder s A abl e of substantla
cel |l ul ose andidres.cati onic materi al

having i@trinsic \WiSGosd tihdwiciwrandgasidtl /) & Wagprocesbullbeording to

WE Sy dihe AN iGn Br We MO I C
|n er cap

Is a cationic polyneric coagul ant

Cl al m 1 or Claanl.lrgHZlCI nOI\'I\hI'Ing:IJi1 lC)2nO CtheOP}pmélrl’r Ih?lrmé}degnds Pl §C¥L§g8érom

cellul osic

10

15

20

25

30

35

soluble cationic material selected from water soluble

organic polymeric coagulants having intrinsic viscosity

pelow 3dl/g and inorganic coagulants,

then flocculating the suspension by mixing into the

suspension an anionic retention aid,

draining the flocculated suspension to form a wet

sheet, and drying the wet sheet.

2. A process according to claim 1 in which the anionic
or non-ionic polymeric binder is a binder capable of
substantial hydrogen bonding with cellulose and the
cationic material is a caticnic polymeric coagulant
having intrinsic viscosity not more than 3dl/g.

3. A process according to claim 1 or claim 2 in which
the polymeric binder is selected from cellulosic
compounds, natural gums, starches and polyvinyl alcohol.

4. A process according to claim 1 or claim 2 in which

the polymeric binder is selected from anionic starch and
carboxyl methyl cellulose.

5. A process according to any preceding claim in which
the cationic polymer is selected from polyethylene
imines, polyamines, dicyandiamide polymers, and polymers
of water soluble ethylenically unsaturated monomer oOr
monomer blend comprising 50 to 100 mole percent cationic
monomer and 0 to 50 mole percent other monomer.

6. A process according to claim 5 in which the cationic
polymer is a polymer of monomers comprising water soluble
polyethylenically unsaturated monomer.

7. A process according to any preceding claim in which
the water soluble cationic material is a polymer of 80 to
100% diallyl dimethyl ammonium chloride and 0 to 20%

acrylamide and having intrinsic viscosity below 3dl/g.

THIS SHEET HAS BEEN
REPLACED

10 then floccul ati ng the suspension

2.

hydr ogen bonding with

A



conpounds, natural guns, starches and polyvinyl alcohol. 4. A process
according to'claiml or claim2 in which the polyneric binder is selected
from ani w0 29/6430 ch and carboxyl nethyl cellulose. 25 S. APQOTI/CBeS 62688
according to any preceding claimin which the cationic polyner is selected
from pol yet hyl ene i mnes, polyam nes, dicyandi am de pol yners, and pol yners
of water sol'uble ethylenically unsaturated nononer or nononer blend
conprising 50 to 100 nol e percent cationiha 30 nononer and O to 50 nole
percent ot her nononer. 6. A process according to claim5 in which the
cationic polgyrrer A g;xaacpﬁjsyrmfccm‘drmgnou:mrsnyzoppe«':eﬁmggwaﬂeximsmhubhéch

pol yet hyl eni cal | y unsat urat.e S o] cany
precedi ng cl eﬁ%‘rﬁ q—tlﬁmmn%%? 1S%| ﬁ%?geegggil gg?@ %g%jggﬁ is a

pol yner of 8(sweollljnl¢!) cbmemyctoldlmwsamﬁ. uRPEKFbLigecangid 889200
acryl am de and havig hitFddsis, vw@@ﬁhwmb@beyvfsati/ golhBi8aSHEETiHAS B! E
REPLACED WD 99/ 14432 PCT/ (GB98/ 02688 # gg‘ocesscx%cccir di ng o any
preceding cl AN X LHC 1T h2CHRhi Bhi B° %f’é?ﬂ'? al'd“F§9arect eg from
inorgani ¢ swetddmie chaysepsotioledal silica, polysilicic acid and silicate
m crogel s, a|¥n1n'ﬂg%ngéééchQQ%thgakosbkycgrécgﬁlB |E§%1hph% giidror

pol ysilicate Ticro organic_m croparficles. 9, A process according

to any precediig }éjrfa@fmfl hsWﬁ?}zﬁCt?ﬁefBPﬁdéPlP§l§eIS§€tr€5* %C&Jﬁ SX¥c starch

and carboxy pethyl eeliulese, the eatiionic matemiall iis @ pollymer off 10

di allyl dinet nium. ori d avin rd n$i_G, | ow 3dl /g
Q{ }g?gn?fgﬁ Yg ammgn glo@&de $! Ln%é%%fgyfﬂélge

and the Hhio I's an |norgan|c swe
viscosity below 3dl1/g and the anionic retention aid is an

inorganic swelling clay.



